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DIGEST 


The  subject  of  this  research  is  the  colorimetric  detection  of  alkyl 
isocyanides.  The  objective  was  to  develop  a  microchemical  detection  method 
for  n-,  sec-,  and  tcrt-butyl  isocyanides. 

Several  aromatic  amine  — metal  ion  redox  systems  were  investigated 
for  the  detection  of  alkyl  isocyanides  on  filter  paper  or  silica  gel  tubes. 

It  was  concluded  that  microgram  quantities  of  isocyanides  may  be 
easily  detected  on  filter  paper  or  in  silica  gel  tubes  by  using  benzidine  acetate- 
cupric  acetate  or  p,  p' -tetramethyldiaminodiphenylmethane  (tetrabase)-cupric 
sulfate  reagents.  Interferences  include  those  substances  that  are  known  to 
interfere  in  the  use  of  the  same  reagents  for  the  detection  of  hydrogen  cyanide. 
The  lowest  amount  of  n-,  sec-,  or  tert-butyl  isocyanide  detectable  is  approxi¬ 
mately  0.1  pg. 
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COLORIMETRIC  DETECTION  OF  ALKYL  ISOCYANIDES 


I.  INTRODUCTION. 

Recent  surveys  of  a-addition  reactions  ^  and  synthesis  methods^ 
indicate  considerable  current  interest  in  the  use  of  isocyanides  in  organic 
chemistry.  An  isocyanide  is  usually  detected  by  its  characteristic  and  unpleas¬ 
ant  odor.  ^  Since  olfaction  is  a  sensitive  and  rapid  method  of  identification,  it 
is  not  surprising  that  only  one  chemical-detection  method  for  isocyanide  was 
found  in  the  literature.  Smith  and  Kalenda^  mentioned  that  the  color  test  of 
Pertusi  and  Gastaldi^  is  useful  for  detecting  the  presence  of  isocyanides  in 
reaction  mixtures,  but  gave  no  experimental  details.  This  particular  test  is 
based  on  the  oxidation  of  benzidine  to  benzidine  blue  by  cupric  acetate  when  a 
suitable  complexing  agent  is  present.  It  is  well  known  for  its  adaptation  to  the 
detection  of  hydrogen  cyanide.  5*  6  \\re  studied  several  aromatic  amine— metal 
ion  redox  systems  and  will  report  in  this  paper  the  microchemical  detection  of 
isocyanides  on  filter  paper  or  silica  gel  tubes  by  using  benzidine  acetate— cupric 
acetate  or  p,  p'-tetramethyldiaminodiphenylmethane  (tetrabase)  — cupric  sulfate 
reagents. 

II.  EXPERIMENTATION. 

A.  Benzidine  Acetate  — Cupric  Acetate  Reagent. 

This  reagent,  which  will  be  called  the  benzidine  reagent  in  the 
remainder  of  the  text,  was  prepared  from  equal  volumes  of  (1)  2.86  gm  of 
cupric  acetate  in  a  liter  of  water  and  (2)  675  ml  of  a  solution  of  benzidine  ace¬ 
tate  (saturated  at  room  temperature)  and  525  ml  of  water.  The  solutions  of 
cupric  acetate  and  benzidine  acetate  are  best  stored  separately  in  well-stop¬ 
pered,  dark  bottles,  and  the  reagent  mixture  should  be  freshly  prepared  each 
time  it  is  used. 

B .  Tetrabase  — Cupric  Sulfate  Reagent. 

This  reagent,  which  will  be  called  the  tetrabase  reagent,  was  pre¬ 
pared  by  mixing  equal  volumes  of  (1)  100  mg  of  tetrabase  and  500  mg  of  sali¬ 
cylic  acid  in  100  ml  of  acetone  and  (2)  1.  5  gm  of  cupric  sulfate  in  100  ml  of 
water. 
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The  iaocyanide  teat  was  initially  developed  as  a  spot  test  on  filter 
paper,  Several  kinds  of  papers  were  compared,  since  the  sensitivity  of  certain 
spot  tests  can  be  increased  severalfold  with  the  proper  filter  paper.  ‘ 

A  detector  paper  [a  high  o-celluloee-content  paper  tape  impregnated 
with  about  0.  8%  Parez  (American  Cyan&mid  Co. )  resin®]  and  several  kinds  of 
S&S  (Carl  Schleicher  &  Schuell  Co.  ,  Keene,  New  Hampshire)  and  Whatman 
(W,  and  R.  Bolston,  Ltd. ,  Maidstone,  England)  papers  were  used, 

D.  Test  Apparatus  for  Silica  Gel  Tubes , 

A  2-  by  9-cm  test  tube  with  a  capacity  of  about  1?,  ml  was  fitted,  by 
means  of  a  19/38  standard  taper  joint,  with  an  adapter  supporting  a  side-arm 
air  inlet  and  a  length  of  glass  tubing  that  extended  to  within  5  to  10  mm  of  the 
bottom  of  the  test  tube  (see  the  figure?.  Silica  gel  tubes  were  connected  by  a 
short  length  of  rubber  tubing  to  the  upper  end  of  the  glass  tubing.  (The  use  of 
silica  gel  tubes  for  detection  is  well  described  in  the  open  literature,  repre¬ 
sented  here  by  Williams  and  Miller,  9  Saltzman,  10  and  Shepherd.  H)  Vapors 
from  the  test  tube  were  drawn  through  the  detector  tube  by  compressing  a 
rubber  bulb. 


E .  Techniques  Involving  Silica  Gel  Tubes. 

Samples  of  varying  amounts  of  the  pure  isocyanides  c’  ssolved  in 
methylene  chloride  solution  were  measured  with  disposable  microliter  pipets 
and  placed  in  the  test  apparatus  described  above.  When  an  unimpregnated 
silica  gel  detector  tube  is  used,  the  isocyanide  vapor  is  collected  on  the  silica 
gel,  the  detector  tube  is  removed  from  the  apparatus,  and  the  silica  gel  is 
moistened  with  a  drop  of  either  reagent.  The  appearance  of  a  blue  color  is  a 
positive  test  for  isocyanide.  A  blue  color  is  produced  directly  when  the  iso¬ 
cyanide  vapor  is  sampled  onto  the  silica  gel  tubes  impregnated  with  tetrabase 
reagent.  These  detector  tubes  are  prepared  with  the  following  reagents 
impregnated  in  silica  gel:  copper  sulfate  pentahydrate,  p,  p* -tetramethyl- 
diaminodiphenylmethane,  and  salicylic  acid.  ^  A  red  dye  (coupled  product  of 
diazotized  anthranilic  acid  with  diethylaniline)  is  also  added  to  mask  the  blue 
color  of  copper  sulfate. 


F .  Isocyanides ...... 

The  n-,  sec-,  and  tert-butyl  isocyanides  were  synthesized  by 
reacting  tosyl  chloride,  quinoline,  and  the  corresponding  n-alkylforma- 
mide.  z>  13,  14 


A  typical  preparation  of  a  test  solution  involved:  (!)  weighing 
77.  1  mg  of  the  chrcmatographically  pure  butyl  isocyanide  into  a  10-ml  volu¬ 
metric  flask  and  diluting  to  volume  with  methylene  chloride,  (2)  preparing  1:50, 
1:100,  and  1:250  methylene  chloride  dilutions  of  the  stock  solution,  and  (3)  using 
1  -  to  50-pl  aliquots  of  the  diluted  solutions  as  desired  for  testing. 

III.  RESULTS. 

A.  Spot  Tests  on  Filter  Papers . 

1 .  Benzidine  Reagent. 

In  each  test,  10  pi  of  the  benzidine  reagent  was  placed  on  the  filter 
paper,  and  10  pi  of  a  methylene  chloride  solution  containing  0.  18  pg  of  n-butyl 
isocyanide  was  added.  On  the  basis  of  the  intensity  of  the  blue  color  produced, 
the  papers  were  grouped  into  three  categories,  as  follows. 


Most  sensitive  (positive  test) 

Detector  paper 
S&S  589W 
Whatman  3 


Intermediately  sensitive  (questionable  test) 

Whatman  120  S&S  597 

Whatman  31  S&S  604 

Whatman  5 


Least  sensitive(  (negative  tcs )t) 


Whatman  30 
Whatman  1 
Whatman  4 
Whatman  40 
Whatman  41 
Whatman  2 


S&S  576 
S&S  410 
S&S  602 

S&S  589  Blue  ribbon 
S&S  589  Black  ribbon 
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2.  Tetrabase  Reagent. 

The  tetr abase  reagent  {10  (j.l)  gave  a  pale  blue  color  with  5  pg  of 
n-butyl  isocyanide  on  the  detector  paper  (about  the  same  intensity  as  0.5  pg 
of  n-butyl  isocyanide  tested  with  the  benzidine  reagent).  Similar  results  were 
found  with  the  Whatman  120  paper.  The  blue  color  with  tetrabase  reagent  was 
stable,  whereas  that  with  benzidine  faded  within  a  few  minutes. 

B.  Testa  in  Silica  Gel  Tubes. 

Sensitivity  in  isocyanide  detection  was  improved  by  the  use  of  silica 
gel  detector  tubes  (see  the  table). 

Table.  Colorimetric  Detection  of  Butyl  Isocyanides 
in  the  Vapor  State  Using  Silica  Gel  Tubes 


Technique 

Butyl  isocyanides  tested* 

n- Butyl 

sec -Butyl 

tert- Butyl 

Sampling  through 
silica  gel  tubes 
followed  by 
addition  of  ben¬ 
zidine  reagent 

0,15  pg,  definite 
light  blue 

0,  06—  0  1?.  u<r, 

faded  rapidly 

0,  09  pg,  definite 
test 

n  ha  off,  f 

0.12pg,  definite 
test 

n  fi q  * < ,  Tnivif 

-  •  -  '  f—o >  ----- 

Sampling  through 

0.  12  pg,  definite 

0.  09  pg,  definite 

0,  09  pg,  definite 

silica  gel  tubes 

blue  color 

test 

test 

impregnated  with 

tetrabase  reagent 

0,  06  -  0.  09  pg, 

0.06  pg,  faint 

0,  06  pg,  faint 

faint  test 

*  The  values  are  based  on  the  assumption  that  all  of  the  isocyanide  placed  in 
the  test  apparatus  was  sampled. 


About  0.1  pg  of  the  butyl  isocyanides  was  easily  detected.  The 
color  formed  in  the  benzidine  tost  faded  rapidly  after  1  to  5  nain,  The  blue 
color  formed  in  tetrabase-impregnated  tubes  was  stable;  however,  after  pro¬ 
longed  standing  (about  2  hr),  all  the  impregnated  tubes,  including  the  blank 
controls,  turned  dee"  blue. 


C .  interferences , 

Substances  that  interfere  in  the  detection  of  hydrogen  cyanide,  other 
than  hydrogen  cyanide, itself,  also  interfere  in  the  detection  teste  for  isocya¬ 
nides.®  These  include  volatile  oxidizing  or  reducing  agents  and  certain  electro¬ 
philes  or  acids.  For  example,  with  the  tetrabase  reagent,  we  confirmed  that 
strong  acids  give  a  yellow  color  and  sulfides  give  a  brown  color. 

IV.  DISCUSSION. 

The  mechanisms  of  the  colorimetric  tests  for  alkyl  isocyanides  with 
the  benzidine  or  the  tetrabase  reagent  are  probably  similar  to  those  described 
for  the  well-known  methods  for  cyanides.  The  benzidine  test,  sensitive  to 
0.  25  pg  of  cyanide  in  a  limit  of  dilution  of  1  in  200,000,  ®  is  one  of  the  easiest 
and  moot  sensitive  methods  for  detecting  cyanide.  ^  This  reaction  (equation  1) 
takes  place  because  the  oxidation  potential  of  Cu(II)  salts  is  increased  by  the 
removal  of  Cu(I)  salts  through  the  formation  of  insoluble  cuprous  complexes. 


benzidine  blue 


The  colored  oxidation  product  of  tetrabase  contains  the  quinoidal  or 
cavbonium  cation  (equation  2).  Only  the  salts  of  these  cations  are  blue. 

(CH3)2N  CH»0«N(CH3)2 

( CH  3  )2N CH2 -hQh  N(CH  3 )  2  _  +  ^  (2) 

When  they  are  exposed  to  ammonia  vapors,  the  colorless  carbinol  base  is 
formed;  with  the  addition  of  acetic  acid,  the  blue  color  reappears. 

The  benzidine  test  can  be  modified  by  the  use  of  other  amines, 
such  as  o-tolidine,  p-diaminodiphenylamine,  p-aminodimethylaniline,  or 
o-dianisidine. 
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After  this  work  had  been  terminated,  Fcigl  and  Anger ^  published 
a  procedure  for  hydrogen  cyanide  and  cyanogen  in  which  the  benzidine  and 
cupric  acetate  were  replaced  by  tetrabasc  and  cupric  ethyl  acetoacetate.  The 
detection  limit  was  1  pg  of  hydrogen  cyanide.  This  reagent  combination  should 
also  be  effective  with  the  alkyl  isocyanides,  but  it  was  not  evaluated. 

Although  the  tests  reported  in  the  present  paper  are  subject  to  inter¬ 
ferences,  they  are  very  useful  when  combined  with  an  independent  measurement 
such  as  retention  time  in  gas  chromatography.  Isocyanides  are  readily  formed 
in  the  reaction  of  mono-  N- substituted  formamides  with  various  electrophiles. 
We  have  developed  a  detection  method  for  electrophiles  by  combining  the  iso- 
cyanide  test  with  the  N-  substituted  formamide  dehydration.  Details  are 
reported  in  a  separate  communication.  * 

V.  CONCLUSIONS. 

It  was  concluded  that  microgram  quantities  of  isocyanides  may  be 
easily  detected  on  filter  paper  or  in  silica  gel  tubes  by  using  benzidine  acetate- 
cupric  acetate  or  tetrabase-cupric  sulfate  reagents.  Interferences  include 
those  substances  that  are  known  to  interfere  in  the  use  of  the  same  reagents 
for  the  detection  of  hydrogen  cyanide,  The  lowest  amount  of  n.,  sec-,  or  tort- 
butyl  isocyanide  detectable  is  approximately  0.  1  pg. 


*  Poziomek,  E.  J.  ,  Crabtree,  E,  V.  ,  and  Hoy,  D.  J.  Unpublished  data. 
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